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iSU ELE .ON FLO r 
eonç S. M!f, Wtertown; Mss.. 
Aplic0êb 20, 195T, SëfliN glï90 
6  lim, (Cl« 313108) 
Wit the renOus dëvelpé nd - cig 
él'eSg eompletY« of- oder rr e]ëctroAc cir6uits-aefoi h6rall... 
nd communicion ëUipt . th'e: probl:. Of In. h gr.ë%i6 got a el6ngted: 
quick,.ecient-seicë-dm'hintennge  b6mes sti. Of  Si:te pHoPo- 
n-importan fgctO:: 5 elongated lane: ur-f. Of, 
The need.çf:.sOme: simptLqUiek.d»làlllble is ubànti$11p;gglël:t':tNë ett9on=4mïtting 
technique or- dëvië to  fCititt théç gi gnd tube. CsthOde- 0- çht- thë; 'éV. is'. in:.thë psth Of 
maintenancedf ail.typeS Of eleoEai uiet sucN.ittëelë6fis:iÇ c6fisfitfitetfië  
i, vita-l: l.Opaifil:.elfd flOW..- 
AcCorin19 it i %h6 pricipa]EE 0b]ègt 6ç tHR 10 tabe:SC g=te të6J.6vichannel:gapíd 
invenion-to:ovie: .e-ghgeF:  i ç anodes, elongated spots are applied t6 one: or 
sibl: vigualI  terminë. wHéh- : um both:oçthe:flge ions:0 eac.oç-t g6es 
tubeis-funtionig: propërl hîle:unY: Ho/màt Ççthè tUë«dcèt: thjctibh:.With4èr6  
opertg, «onditlons. speoEWe ë: i6g, wëë, thê: sts aè: oth 
Othe objecgre:tor0vidmémf0"r'tfing 15 viMe . i tSè:. fuci6l fl0 6f e16Ctr0ns 
vacuum: tubes= Wh]Ch 66 : uire thé.: U. f f.6m .the::ube:éatbde. 
external-eipment,ch-gs:tecébkers mêé Thes n th objèt fld,: sDec « Will bè 
o oscifioscps], whioE, dés., nt atr tN. el apparent: frm4e followg/ffêsiption 
trical charagterti«s of. t asSd- CirCUit cifi« emomn: o; the inveti0« rfeing t a 
of: the. tube being; testd«- whïch cn-: bë: uéd:in 20 draVïg; Whëréin: 
the circuitg of estig appa?CgWîthùt-altér ,. 1 ig a-SidC e]eti 
ti0n modification- or: aitîo têreg; wMch gChgge dC¤cëémbd¤g t invfiti0n; 
does- not i'ue: that thë: tue being-çë bWFîg,-ig 
removed.f2Om it ccke:or thé:sscigeep cf:« 1 
ment be: shut own; Wfli: giYeg $-Chti 25 'g. 3: ig a: soêtri Vew of tè ele6deS 
iction; wch doe ot:: reqoEe: nySgl  thê:VlCesO i,Fi« 1: ¢iththeênvèlope 
sM1} or: techques t0 usë7 Whc:mrrëgdiI nd:oter: p0r0 br5[e awgF 
incorporated  existing: tes: ç e]etbh tN Tè' elèConic; hargë devie illustrera.in 
which, does, no:' inc2esetifitt»elCt'dea- ïg; 1..is:--doublë«tri6de vacuu.m:tube 
pacifies-or aIr.thêormal:chf'eteoEt:ih'0I:'e 30 common.cethodè: l and:is', of gèn.ll# 
tube-with'wich.i is:used;..@icHls=-fC .US; c0ntrU6t}onto: thë:t-o. Vacuum-tubë'dsi 

Wtiich, is- econoical- G0: nl£nuftii'e: àïi,Whiéh 
can be produced by mass produoEi0:tëliiiffië$. 
In a broad aspect the invention conemplates 
coating or otherwise appling t0, a selected area 
of- one of the- positively, charged- leCtrodës of a 
vacuum Cube, for example the- anode or the scréen 
grid; a,- phosphorsuch as "WilIimite," zinc 15ho« 
phare,- zinc sulphide with nickel or any ortier 
material-which gl0ws or fiuoresces under théïn 
fluence, of a beam of electrons: Thë phosphou 
coa-ted: rea- of the electrode is Chosen S0 tht 
it is- in, the: path of the operational flow of el«e 
trons from the: emitting electrode or cathodë:: to 
the.posi, ti-vely cha-rged electrode and at the  saine 
rime is .visi.ble- through the transparent ' envëlope 
enclosing. Che tube electrode or in tubes having 
an. opaque envelope visible thr0ugh a windw 
therein-o, that the. fluorescence of the phosphor 
canbe observed. The presenceo the î2uorescing 
of the spot indicates-the presence'of the normal 
operationl electron flow, the brillialicF of. the 
fiïlorescence being- a:. function of tle quantity of 
thg, electron flow, and, with- experience  tech- 
nician, can readflF determine the norma, t fltrC 
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the cathode. Attached to the upper end of one 
of the anodes 22 is a rod 30 (Fig. 1) at whose 
upper end is a horizontal member 32 carrying 
a pari 34 for the "getter" used to exhaust the 
tube. 
Connections from the cathode l Il and anodes 
2 fo external circuits are ruade through pins 
extending ïrom the base, pin 2 ! being connected 
internally to the cathode and pins 23 with the 
respective anodes. When the negative and posi- 
tive terminaIs of a conventional source applying 
a direct potential, such as a battery or rectifier, 
are connected respectivety to the pin 2! and 
either of the pins 23, the potential difference is 
applied between the heated cathode surface 14 
and the anode 22 which causes the electrons 
emitted by the cathode to fiow to the anode. The 
fiow of such electrons is controlied by an elec- 
trode 40 consisting of a plurality of paraltel con- 
ductors such as the small wires 42 which extend 
between two mounting supports such as the post 
44 located upon either side of an associated anode 
22 so that the wires are in the path of the fiow of 
electrons. A similar control electrode is inter- 
posed between the cathode 10 and the other 
anode 22. The respective control electrodes 40 
are connected internally with pins 25 so that the 
potential.of either control electrode with respect 
to the cathode ! 0 can be varied thereby fo control 
the number of electrons fiowing to the correlated 
anode 22. 
The presence of the above described electron 
fiow is visually indicated by the fluorescing of two 
elongated spots of a phosphor such as "Wiliimite" 
one of which is applied to a surface of each of the 
respective anodes which is in the path of the 
electrous. Although in some types of tubes 
wherein the spacing between the cathodes and 
the anode is greater, it is possible to apply the 
spot of phosphor fo the anode surface directly op- 
posed to the emitting surface of the cathode, if 
has been round in tubes of the type described 
above wherein the electrode spacing is minimized 
that the heat from cathode causes the phosphor 
to boil or flake off. If is thereïor preferable to 
apply the spot of phosphor to the anode flanged 
portion 25 where the spot is shielded from direct 
heat radiation from the cathode. Although the 
entire outer surface of both of the fianged por- 
tions 20 bave been round to receive sufficient fiow 
of electrons from the emitting surface 14 of the 
cathode to cause the phosphor to fluoresce, the 
effect is greater nearer the cathode so that it is 
preferable to locate the phosphor spot on the 
flanged portion 20 of the anode as at 50 (Fig. 3) 
adjacent the junction with the web portion 24 of 
the anode 22. Although i bave shown a phosphor 
spot 50 on only one fiange portion 26 of each 
anode 22, if is to be understood that it is within 
the scope of this invention to apply spots to both 
flange portions of each anode so that the electron 
flow can be checked ïrom either side of the tube. 
As the presence of thephosphor spots 50 bas 
been.found in no way to effect the performance 
or characteristics of the tube, it can be used as a 
replacement for its conventional prototype with- 
out any change in the associate circuit. When 
¢2e tube is operating normally the phosphor spots 
50 fluoresce brilliantly enough so that they can 
be seen at a distance of several feet in illumina- 
tion of ordinary intensity so that by observing 
that the fluorescence is of normal brilliancy a 
technician can visually determine without the 
need of any test instrument or tube checker that 
¢he following conditions prevail: 

4 
(1) The emission of the cathode is sufficient. 
(2) The power supply hnpressing voltage upon 
the anode is operating satisfactory. 
(3) The tube is conducting i. e. the presence of 
5 plate current. 
(4) Present and relative strength of modulated 
input carrier signals. 
It is thus possible in apparatus such as com- 
putors where large numbers of similar tubes are 
10 nsed, quickly to find faulty tubes by observation 
of the relative brilliancy of the respective phos- 
phor spots in adjacent tubes thus greatly reducing 
the rime required to isolate the tube or circuit 
wherein the ïault is located. The possibility of 
15 visual checking the tubes also reduces the chance 
of obta.ining incorrect results due to an unde- 
tected failure of some portion of the computor 
and thns permits the elimination of expensive 
and complicated auxfliary checking circuits, 
20 thereby minimizing the cost of construction. 
Tubes incorporating the above deseribed phos- 
phor spots also bave application, in less complex 
circuits such as in communication and radar 
. equipment used by the armed forces, airlines and 
25 raflroads, the continuous functioning oï which is 
a vital marrer. In such equipment the technician 
can determine by the reduction in the brllliancy 
of the fluorescence of the phosphor spots the 
tubes in which the emission is reduced without 
50 removing the tubes ïrom their sockets thus re- 
ducing the maintenance time required ïor routine 
checks and eliminating to a great extent the 
necessity for periodic replacement of all tubes. 
Atthough I bave round that for general appli- 
35 cations the brflliant green fluorescence of "Willi- 
mite" is the most satisïactory color, for special 
purposes other phosphors having different fiuo- 
rescing colors can be nsed to advantage. For ex- 
ample by the use of different phosphors upon the 
,:0 respective anodes 22, if is possible to determine 
when the tube is nsed in a "fiip-fiop" ch'cuit which 
hall of the tube is conducting. It is also possible 
to use different phosphors in tubes of the same 
or other types which are used for different pur- 
45 poses making it possible, for example, for a tech- 
nician to determine visually the tubes in the high, 
intermediate and audio frequency stages or 
having.special functions.. 
It should be understood that the present dis- 
50 closure is or the purpose of illustration only and 
that this invention includes all modifications and 
equivalents which fall within the scope of the 
aPPended claims. 
I claim: 
55 1. An electron discharge device of the type 
having a transparent enclosing envelope, a ca- 
ode havh]g a heated surface for emitting elec- 
trons, an anode having a surface substantially 
paraltel fo the cathode and spaced at a distance 
6O therefrom, means connecting the cathode and the 
anode to the negative and positive terminals 
respectively of a direct potential source thereby 
fo cause a fiow of electrons between the surfaces, 
a control electrode having a plurality of conduc- 
65 tors interposed between the surfaces transversely 
to the direction oï the flow of electrons, and a 
spot of a phosphor on the anode, said spot being 
visible externally the envelope, said spot being 
located in the path of the ïringe flow of the elec- 
70 irons through the control electrode and shielded 
ïrom the heat of said cathode. 
2. An electron discharge device of the type 
having a transparent enclosing envelope, a cath- 
ode having a heated surface for emitting elec- 
75 trons, an anode having an elongated plane sur- 
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face substantially parallel fo the cathode and 
spaced af a distance therefrom, means connecting 
the cathode and the anode fo the negative and 
positive terminals respectively of a direct poten- 
tial source thereby to cause a flow of electrons 
between the surfaces, a control electrode having 
a plurality of conductors interposed between the 
surfaces transversely fo the direction of the flow 
of electrons, and a spot of a phosphor on the elon- 
gated plane surface of the anode, said spot being 
visible externally the envelope, said spot being 
located in the path of the fringe flow of the elec- 
trons through the control electrode and shiilded 
from the heat of the cathode. 
3. An electron discharge device of the type 
having a transparent enclosing envelope, a cath- 
ode having a heated surface for emitting elec- 
trons, an anode having at least two elongated 
plane surfaces substantially parallel fo the cath- 
ode and spaced ata distance therefrom, the first 
of said surfaces facing said cathode, the second 
surface being substantially normally disposed fo 
the flrst surface, means connecting the cathode 
and the anode fo the negative and positive ter- 
minals respectively of a direct potential source 
thereby fo cause a flow of electrons between the 
surfaces, a control electrode having a plurality 
of conductors interposed between the surfaces 
transversely to the direction of the flow of elec- 
trons, and a spot of a phosphor applied to the 
second plane surface of the anode, said spot being 
visible externally the envelopeo said spot being 
located in the path of the fringe flow of the elec- 
trons through the control electrode and shielded 
from the heat of said cathode. 
4. An electron discharge device of the type 
having a transparent enclosing envelope, a heated 
cathode having a surface for emitting electrons, 
an anode spaced ata distance from cathode, said 
anode being in the form of a channel with its web 
portion parallel to .a portion of the emitting sur- 
face of the cathode and ifs flanged portions ex- 
tending away therefrom, means connecting the 
cathode and anode to the negative and positive 
terminals respectively of a direct potential source 
thereby to cause a flow of electrons between the 
cathode and the anode surface, an elongated spot 

of a phosphor applied fo one of the flanged por 
tions adjacent ifs junction with the web portion 
of the anode, said spot being visible externally 
of the tube, said spot being located in the path 
; of the fringe flow of electrons from said cathode 
fo said anode and shielded from the heat of said 
cathode. 
5. A vacuum tube comprising an electron emit- 
ring cathode, an anode havlng a surface parallel 
10 fo the cathode, and a spot of phosphor material 
on the anode, said spot being visible externally 
of the tube, said spot being located in the path 
of the fringe flow of electrons from said cathode 
to said anode and shielded from the heat of said 
1; cathode. 
6. A vacuum tube comprising an electron emit- 
ring cathode and a channel shaped anode having 
its web portion parallel fo said cathode and ifs 
flanged portions extending away therefrom, and 
20 a spot of phosphor material applied to the outer 
surface of one of the flanged portions of the 
anode .adjacent the junction with the web por- 
tion, said spot being visible externally of the tube, 
said spot being located in the path of the fringe 
2; flow of electrons from said cathode to said anode 
and shieldid from the heat of said cathode. 
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